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Specification 

1. Title of the invention: Liquid Crystal Display Device 

2. What is claimed: 

(1) In a liquid crystal display device wherein pixels having a memory function 
comprising a group of field-effect transistors and a condenser are arranged 
two'dimensionally, a liquid crystal display , device wherein a group of field-effect 
transistors comprise a transfer gate and an inverter in which one drain or source of 
the transfer gate is connected to a gate, and a capacity formed in a gate portion of said 
inverter is used as said condenser. 

(2) A liquid crystal displa3' device of claim 1 wherein at least an inverter is constituted by 
a complementary field-effect transistor. 

3. Detailed description of the invention 

The present invention has a purpose to make an electric potential applied to liquid 
crystal stable by a small-sized switching element for reducing the consumption of 
electricity in case of using a silicon substrate as a substrate for an electrode of a liquid 
crystal display panel with a memory function. 

Conventionally an FET array comprising one FET and a condenser is used in a 
liquid crystal display panel wherein a silicon substrate is one electrode as shown in 
Figure 1. This operation is explained in brief, x is a gate signal, and is scanned in 

order like xh, Xi, Xi+ 1 When an electric potential making FET Ti ON is applied to 

xi, a condenser C is charged from y g through the FET T. Because this electric potential 
is one electrode of a liquid crystal dot 1, white or black is displayed on a panel in response 

to 1 and 0 of the electric potential. Next, even if xi is cut and Ti becomes OFF, a leak 
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current is extreme small, so that the electric potential is stored in C and liquid crystal 
displaying is kept. Thus, Xi is cut, and next xh. is entered to charge the condenser in the 
same way, consequently the liquid crystal displaying is performed in order. In this case, 
because there is not a direct current pass, the consumption of electric current is mainty a 
small charge and discharge electric current of a condenser. However, because the 
electrical charge which keeps the electrical potential for about 30 m sec should be stored 
in the condenser to display 30 sheets for one second, a relatively large condenser is 



needed. Normally, the capacity of 3 to 6 PF is required. In case of obtaining this 
capacity by MOS structure of silicon-silicon oxide film -aluminum, if a thickness of a 
silicon oxide film is about 1000 A, an area of about 120 ttm x 150 Mm is used. 
Therefore, there are some defects that the resistant value of liquid crystal decides a 
holding time because the condenser electric potential is discharged gradually through 
the liquid crystal, as well as a pixel area is enlarged. 

The present invention has a purpose to improve these defects. Figure 2 shows the 
first embodiment of the present invention to improve said defects. 

An operation of Figure 2 is that an electric potential is charged in a gate capacity d 
through Tii from y, when Tu becomes ON by xi. When this electric potential becomes 
not . less than a threshold voltage V t of Ti2, T# becomes ON and the earth electric 
potential is stored in a liquid crystal dot L when the electric potential of Ci becomes not 
more than V t by discharging Ci, Ti2 becomes OFF and the Vdd electric potential is applied 
to the liquid crystal dot through R*. In this method, it is effective that voltage is not 
changed by which the earth electric potential or Vdd electric potential is applied 
constantly according to whether the electric potential of Ci which is not less than or not 
more than Vi. When a leak current of a transistor is extreme small, the consumption of 
electric current of Ci increases on the side of no discharge pass because the direct current 
flows through Ri while Ti2 is ON, consequently it is necessary to pay an attention in case 
of many pixels. When the number of pixels is 100 x 100, approximately 10 MU is 
suitable. The above is the case of digital processing, and it is possible to store the analog 
electric potential by selecting the rate of Ri in ON resistance of T&. Besides, Ri can be 
constituted by the MOS transistor for load. 

The second embodiment of the present invention is shown in Figure 3. 
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Tit is a transfer gate and constituted by Pch or Nch. Of course, the CMOS 
structure can be used, either one can be used essentially and there is no difference in a 
basic operation. This T*i is connected with CMOS inverters T&p and Ti2N, of which 
output is applied to liquid crystal. When Tit becomes ON, Ci is charged and discharged 
according to the electric potential of y,-. In case that the electric potential of Ci is higher 
than a threshold voltage of the CMOS inverter (hereinafter referred to as Vnn/2), T^n 
Grch transistor) becomes ON and Ti2F (p-ch transistor) becomes OFF, so thai the earth 
electric potential is applied to the liquid crystal. In case that it is lower than the 
threshold voltage, T^n becomes OFF, Tap becomes ON, and Vdd is applied. In either 
case, there is no direct current pass because either transistor becomes OFF, and the 
consumption of electric current is extreme small. Of course, transistors of Pch and Nch 
can be changed by reversing this structure. In this case, the polarity of Vdd becomes 
reverse. In either case, it is necessary to select the structure according to the electric 
potential constitution of the system. Ci also has a merit of being formed in a small area 
because it does not have a direct current leak pass. As stated above, a panel with the 
extreme low consumption of electric current can be constituted in a small area by the 
present invention. Besides, the threshold voltage of the CMOS inverter is almost half of 
power source voltage, is able to respond to change of Ci, and the stability of operation can 
be realized. 

4. A brief explanation of Figures 

Figure 1 shows an equivalent circuit of one portion of a liquid crystal display device 
wherein the conventional FET is arranged in matrix shape. 

Figure 2 shows an equivalent circuit of one portion of a liquid crystal display device 
by an embodiment of the present invention. 

Figure 3 shows an equivalent circuit of one portion of a liquid crystal display device 
by the other embodiment of the present invention. 

1 liquid crystal dot 

Ci gate capacity 

Tii field-effect transistor (transfer gate) 

Ti2 field-effect transistor (inverter) 
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